Abstract: Economic development and the overpopulation in Vietnam have led to rapid urbanization, which has posed countless difficulties and challenges to its government. In particular, creating adequate accommodation, life activities, and entertainment are extremely urgent issues. The planning and investment in industry zones, urban areas, residential districts, and amusement parks at the right time and right place contribute to social stability and economic development, and are important issues for every government-especially in Vietnam which remains a developing country with regard to rapid industrialization and modernization speed. The population density in many localities is too dense, while in others it is too thin, resulting in a state where inhabitants have no shelter, whereas many of the buildings have been abandoned. To deal with these matters, the authors used this study to assess the investment effectiveness of leading corporations in the field of investment in urban development and infrastructure investment in Vietnam. The study focused on addressing the following issues: assessing the effectiveness of corporations in urban development and infrastructure investment in Vietnam and predicting the business state of the groups. Through business data of corporations from 2013-2016, the authors used a Grey system theory to forecast business situations for the period from 2017-2020. The authors also used data envelopment analysis (DEA) to evaluate the effectiveness of investments of the group from 2013-2020. The results will help corporations in creating suitable investment and business strategies with the changes of the domestic and world economy, and can be considered as a foundation for management units, for local government to create planning projects with feasible content, for long-term vision, and practical efficiency to quickly meet the needs of urban development plans.
Introduction

Urban Planning and Development
Investment in urban development and infrastructure has been recognized by Vietnam's government as one of the most important missions to boost economic development and sustainable growth.
With regard to today's practical requirements, urban development has demonstrated a number of comprehensive renovation requirements, particularly the integration of specialized planning with urban planning (see Figure 1) . Toward sustainable development, urban planning products need to show a strategy, enhance the macro-regulations of the state, have community responsibilities, and to be able to put into place a comprehensive coordination system (integrated planning of technical infrastructure: transport, electricity, water, etc.) [1] . Integration of projects is demonstrated through the interconnection of planning layers, planning sectors, and sector planning systems. Urban development must ensure that waste is minimized in all sectors. Urban development projects should be easily coordinated between sectors and socio-economic infrastructure should be modernized and synchronized to meet the requirements of urban development integration.
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Orientation and Urban Development in Vietnam
Vietnam is located in the heart of Southeast Asia, an area of land of 331,698 km 2 , and is divided into 63 provinces and cities [3] . Pursuant to Resolution No. 134/2016/QH13 of the national assembly of the socialist republic of Vietnam on the adjustment of land use planning in the national phase from 2017 to 2020, as shown in Table 1 [4]. Vietnam's current population is about 94,444,200 people, ranks the 14th in the world, eighth in Asia, and third in Southeast Asia [5] . The population density is currently 305 people/km 2 , 5.2 times more than the population density in the world, and ranks third in Southeast Asia [5] . The average Vietnam population by area is shown in Table 2 . 
Vietnam is located in the heart of Southeast Asia, an area of land of 331,698 km 2 , and is divided into 63 provinces and cities [3] . Pursuant to Resolution No. 134/2016/QH13 of the national assembly of the socialist republic of Vietnam on the adjustment of land use planning in the national phase from 2017 to 2020, as shown in Table 1 [4]. Vietnam's current population is about 94,444,200 people, ranks the 14th in the world, eighth in Asia, and third in Southeast Asia [5] . The population density is currently 305 people/km 2 , 5.2 times more than the population density in the world, and ranks third in Southeast Asia [5] . The average Vietnam population by area is shown in Table 2 . Sources: Population and employment [6] .
In recent years, along with innovation and integration policies as well as rapid socioeconomic development, Vietnam's urban system has grown rapidly both in quantity and quality. By October 2015, there were about 788 metropolitan areas in Vietnam, including two special municipalities (Hanoi, Ho Chi Minh City), 15 first-class (I) cities, 25 second-class (II) cities, 42 third-class (III) cities, 74 fourth-class (IV) cities, and approximately 630 fifth (V) class cities. The rate of urbanization is approximately 35.2% [7] . The role of the system of urban planning projects has contributed greatly to the general development. However, based on the requirements of practical progression, it is obvious that some of the problems have to be fixed in the near future.
Besides, investment activities in general and investment in urban development and infrastructure investment in particular also get positive results: investments, disbursements, and budgets have grown increasingly, which created more jobs and contributed to improving the balance of payments and completing objectives and tasks of the social economic development plan in the period of 2010-2016. However, the state investment certificate does not match the planning, and it also takes place at the local area, particularly in creating luxury apartments, new urban areas, industrial parks, etc. Many projects were neither verified nor carefully reviewed for technical criteria, technology, working environment, etc. which leads to low-quality projects. Although the government and local authorities have a higher incentive, investors are not interested. That situation has led to the paradox that the local areas with a high economic development rate attract many projects with the economic growth rate exceeding the average growth rate for the whole country, while regions that are less developed, attract fewer projects, the economic growth rate is low, and without adjusting capital investment planning and orientation of the state, the disparity in development levels between economic regions will increase social imbalance and entail unpredictable consequences.
Further, the inspection and supervision of the implementation of the obligations of the investors on capital contribution schedules, capital raises, and construction activities, the environment, technology transfer, implementation of obligations to laborers and financial obligations toward the state are not good, which includes lack of coordination between ministries, branches, and localities. In addition, weakness of the infrastructure, the related infrastructure works, and the critical shortage of trained workers, engineers, and managers continue to be a barrier to urban development and infrastructure investment in Vietnam. In this research, through business data of decision-making units (DMUs), the authors use data envelopment analysis (DEA) to evaluate the effectiveness of investment of DMUs in the past and use the Grey system theory to forecast business situations for the next period.
Literature Review
In the past, some researchers combined DEA models and Grey system theory to their studies: Saranga [8] used DEA to identify the inefficiencies of DMUs in the Indian auto component industry. Leachman et al. [9] used DEA to assess the performances of DMUs in the automobile industry. Zhao et al. [10] employed DEA to evaluate the performances of DMUs in the Chinese coal mining industry. In the manufacturing and service industries, DEA has been applied to assess business performances and strategies. For example, Chandraprakaikul and Suebpongsakorn [11] used DEA to explore the operational performances of 55 Thailand logistics companies. Lo and Lu [12] argued the reasons for using DEA models, the super-slack-based measure (SBM), and Malmquist models. Charles et al. [13] used DEA to assess the efficiency of a Printed Circuit Boards assemble line. Chang et al. [14] proposed a nonradial DEA model with the slack-based measure (SBM) to analyze the environmental efficiency of China's transportation section. Chia-Nan Wang and Nhu-Ty-Nguyen [15] combined DEA models and Grey system theory to evaluate the effectiveness and to predict the manpower of undergraduate educational systems.
Thus, the use of DEA to evaluate the efficiency of corporations in urban development and infrastructure investment sector in Vietnam from 2013 to 2016 and to use the Grey model (1,1) ((GM) (1,1)) to forecast business situations for the period from 2017 to 2020 help corporations make the right decisions for the future, thereby saving state budgets and avoiding wasting the country's land resources [16] . These matters have importance and urgency for corporations and countries; the authors address these issues in the next section.
Materials and Methodology
Research Development
In this research, the authors combine DEA models and Grey system theory to evaluate the effectiveness of 16 leading corporations in urban development and infrastructure investment sector in Vietnam from 2013 to 2020, which includes four parts, as follows and as shown in Figure 2 .
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Materials and Methodology
Research Development
In this research, the authors combine DEA models and Grey system theory to evaluate the effectiveness of 16 leading corporations in urban development and infrastructure investment sector in Vietnam from 2013 to 2020, which includes four parts, as follows and as shown in Figure 2 . Part 1. The authors chose the research topic, then learned about the history of research in this field. Part 2. Next, the authors continued to choose the appropriate group and input/output factors for the field of research, which included a suitable size and time in order to do the research data.
Part 3. After collecting data, the analysis stage, applying the models in this research, was conducted. GM (1,1) was used for developing a forecast through the time series data with four input factors and two output factors for all corporations. In fact, there were many prediction methods, and the authors used GM (1,1) to predict the data from the DMUs from 2017 to 2020 because this was a highly reliable prediction method and would be suitable with the data of DMUs [16] . Mean absolute percentage error (MAPE) was applied to measure the accuracy prediction and to check if the forecasting error was reliable. Part 1. The authors chose the research topic, then learned about the history of research in this field. Part 2. Next, the authors continued to choose the appropriate group and input/output factors for the field of research, which included a suitable size and time in order to do the research data.
Part 3. After collecting data, the analysis stage, applying the models in this research, was conducted. GM (1,1) was used for developing a forecast through the time series data with four input factors and two output factors for all corporations. In fact, there were many prediction methods, and the authors used GM (1,1) to predict the data from the DMUs from 2017 to 2020 because this was a highly reliable prediction method and would be suitable with the data of DMUs [16] . Mean absolute percentage error (MAPE) was applied to measure the accuracy prediction and to check if the forecasting error was reliable.
• If the variables had MAPE, which were too large, they would be removed and returned to the step collecting data to rebuild a new DMU-DMU, which had variables that met our requirements. Besides, Malmquist radial models were used to evaluate a corporation's performance in this period. Next, the results of GM (1,1), were utilized to see future trends.
•
The business results from year 2013 to year 2016 of DMUs were put in the DEA model to measure the efficiency and distinguish the ranking of corporations. The DEA model was used to establish a best practice group from among a set of observed units and to identify the units that were inefficient when compared with the best practice group [17] . In this case, if the input factors and output factors had a correlation coefficient at zero and negative, they would be removed and returned to the step collecting data to rebuild a new DMU-DMU, which had variables that could meet our requirements.
• Next, the prediction results were put into the DEA model to measure efficiency and to distinguish the ranking of corporations in the period from 2017-2020.
Part 4. After that, based on the Malmquist productivity index (MPI) of corporations the efficiency change, technical change, and productivity index were analyzed, evaluated, and utilized to see future trends.
Data Collection
In this study, the authors combined DEA models and Grey system theory to evaluate the effectiveness of 16 leading corporations in urban development and infrastructure investment sectors in Vietnam from 2013 to 2016, as shown in Table 3 . Data used in this study (Appendix A) were collected from realistic financial reports on websites of corporations in the period from 2013-2016. After studying, the authors decided to use data with four input factors and two output factors as follows:
Input Factors:
(1) Owner's equity (OE): Total amount of capital contributed by owners that the business is not required to pay. The capital is invested by business owners and investors or formed from business results. 
Output Factors:
(1) Net sales (NS): Reflects an enterprise's sales revenue and providing a service.
(2) Profit after tax (PT): Reflects the result of a business (profit and loss) after income tax.
Therefore, these factors play an important role in assessing the effectiveness of investment and decision-making in the business of managers.
Methodology
Grey Forecasting Generation Theory
The initial data on the use of the GM (1,1) model for prediction should be tested according to formula [16] :
; (i = 2; 3; . . . ; n). All values must be within:
The GM (1,1) model is calculated by the following differential equation:
In detail, a and b are coefficients. The source data are considered as a string [16] :
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In this study, the original data are the actual business data of enterprises in the period from 2013-2016.
The initial data completed verification, which we calculated according to the following steps [16] :
The authors use the cumulative method to compute the X (1) values [16] :
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The generated mean sequence Z (1) of X (1) is defined as [16] :
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The equations of the GM (1,1) model were built and the Z (1) values calculated [16] :
The formula for calculating parameters a and b by the least-squares method is as follows [16] :
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The formula was built to calculate the predictive value of the model [16] :
The predicted value of the GM (1,1) model is calculated based on the following formula [16] :
; (where :
; k = 1, 2, 3, ..., n)
Evaluation of Volatility Forecasts
The authors use the MAPE method to determine the reliability of the predicted values, calculated according to the following formula [34] :
The grades of mean absolute percentage error are divided into four levels as Table 4 . 
Data Envelopment Analysis Model
To evaluate the performance of the infrastructure investment and urban development groups in Vietnam, the authors used the following two models:
Super Efficiency SBM Model This model, introduced by Tone (2001) [35] , develops on SBM. We used n DMUs with input and output matrices X = (x ij ) ∈ R m×n and Y = (y ij ) ∈ R s×n , respectively. λ is a non-negative vector in R n [35] . The vectors S − ∈ R m and S + ∈ R s indicate the input excess and output shortfall, respectively. The SBM model in fractional form is as follows [35] :
The authors optimized solution for SBM is (p * , λ * , s − * , s + * ). A DMU (x 0 , y 0 ) is super-SBM if p * = 1. This condition is equivalent to S − * = 0, and S + * = 0, in the optimal solution, the inputs are guaranteed and output is stable. SBM is non-radial and deals with input and output slack. The SBM returns an efficiency measure between 0 and 1 [35] .
The best performer has an efficient status and is expressed by unity. Tone (2002) discriminates these efficient DMU and ranks the efficient DMUs by a super-SBM model [35] . The DMU (x 0 , y 0 ) is SBM-efficient, p * = 1, and the super-SBM model will be followed [35] :
However, DEA's previous models still have some limitations in assessing the business performance. Thus far, the DEA-Solver Pro 8.0 Manuel model has overcome these limitations [36] If the output r has no positive elements, then it is defined as y + r = y + −r = 1. The term is replaced by s + r /y r0 in the objective function in the following way (value y r0 never changes in constraint conditions) [36] .
If y + r > y + −r , the term is replaced by [36] :
If y + r = y + −r , the term is replaced by:
The B value in the DEA-Solver is 100. In all cases, the proposition is positive and tighter than y + −r . Furthermore, it is inversely proportional to the distance y + r − y r0 and it is related to the magnitude of the unsupportive output [36] .
Malmquist Productivity Index (MPI)
To evaluate the performance of a business between two periods of time, the authors used three indicators:
Malmquist (MI); catch-up (C); and frontier shift (F).
(MI) evaluates the performance change in the second period compared with the first period. (C) assesses the level of effort to improve the performance of the second period compared with the first period.
(F) evaluates the change in performance boundaries around the second period compared with the first period.
The authors denote DMU 0 in period 1 as (x 1 0 , y 1 0 ), period 2 as (x 2 0 , y 2 0 ), and use the following notations for efficiency of DMU (x 0, y 0 ) t 1 measured by the frontier technology t 2 [37] :
The formula for calculating the (C), (F), and (MI) index is as follows [37] :
If:
The performance of period 2 is better than period 1.
(C) = 1; (F) = 1; (MI) = 1⇒ The performance of period 2 is equivalent to period 1. (C) < 1; (F) < 1; (MI) < 1⇒ The performance of period 2 is less than period 1.
The authors developed output-oriented (MI) with output-oriented radial DEA models. The output-oriented models take all output slacks into account but no input slacks. This is explained below in output-orientation (O-V) [37] :
Subject to:
Intertemporal score in output-orientation (O-V):
The radial approaches suffer from one general problem in the neglect of slacks. Tone developed the non-radial measures of efficiency and super-efficiency: slacks-based measure (SBM) and super-SBM. Using these measures, the authors developed the non-radial and slacks-based MI. In the output-oriented case, the authors solved as follows [37] .
SBM-O:
where the vector s + ∈ R q denotes the output-slacks [37] . Super-SBM-O:
Results and Discussion
Results and Analysis of the Grey Forecasting
The authors used the GM (1,1) model to predict the realistic input and output factors of top urban development and infrastructure investment in Vietnam corporations from 2017 to 2020. The authors used the factor of owner's equity (OE)-Input 1 of DMU1 (at Table 5 )-to explain calculation procedure in this part. Sources: Synthetic by researcher [18] .
The sequence of raw data: Then, we used the two coefficients a and b into equation:
dt − 0.0133 × X (1) = 378576.52. The authors used formula (8) to find the prediction model:
Instead of values of k, we have the results: For checking the forecasting accuracy, the results of MAPE are listed in Table 6 . By convention is shown in the Table 4 ; the results of MAPE are shown in Table 6 : Nine DMUs have MAPE (%) smaller than 10% (excellent), and seven DMUs have MAPE from 10%-20% (good), confirming that the GM (1,1) model in this research provides a highly accurate prediction.
Pearson Correlation
To apply the DEA model, we have to ensure the relationship between input and output factors is isotonic, which means that, if the input quantity increases the output quantity could not decrease under the same condition [34] . Higher correlation coefficient means closer relation between two variables, while lower correlation coefficient means that they are less correlated [34] .
The interpretation of the correlation coefficient is explained in more detail as follows. The correlation coefficient is always between (−1) and (+1). The closer the correlation is to (±1), the closer it is to a perfect linear relationship [34] . Its general meaning is shown in Table 7 . By convention is shown in Table 7 , the results shown in Table 8 indicate that the correlation complies well with the prerequisite condition of the DEA model (correlation coefficients between input factors and output factors show strong correlation). This shows that these positive correlations of input and output variables are appropriate, which explains why the authors use these indicators for DEA methodologies. The correlation is important and affects the performance. 
Performance Rankings
The results in Table 9 indicate that the number of efficient DMUs from the 2013-2016 sequence is 9, 11, 11, 12, and the number of inefficient DMUs sequence is 7, 5, 5, 4. Average scores are 1.1851, 1.4334, 1.4159, 1.6396, respectively, which explains that super-SBM can distinguish DMUs with differences in their scoring. The results in Table 10 The authors used the forecasted results as input factors for the GM (1,1) model to evaluate the ranking of DMUs in the period of 2017-2020, as shown in Table 11 . The results indicate that the ranking of corporations in urban development and infrastructure investment in Vietnam will change in the future. DMUs are divided into four groups: Group 1: DMUs get effective business; they are always at the top position and include DMU4 (ranking is, respectively, 3, 1, 1, 1); DMU5 (ranking is, respectively, 1, 2, 2, 2); DMU7 (ranking is, respectively, 2, 3, 3, 3); DMU15 (ranking is, respectively, 5, 4, 4, 4). Group 2: DMUs make strong progress in the future: DMU8 (ranking is, respectively, 13, 13, 9, 3); DMU9 (ranking is, respectively, 16, 13, 12, 10); DMU11 (ranking is, respectively, 9, 9, 6, 6); DMU14 (ranking is, respectively, 15, 16, 8, 7). 
Components of the Malmquist Productivity Index (MPI)
Catch-Up Efficiency Change
The results of the changes in the catch-up of corporations in urban development and infrastructure investment are shown in Table 12 . The results show the efficiency change in technology of the activity management as well as the attribute to investment planning, technical experience, management, and organization of corporations in urban development and infrastructure investment in Vietnam.
According to results in Table 12 Table 13 shows results of the change in frontier shift of corporations in urban development and infrastructure investment sectors in Vietnam in the period of 2013-2016. Table 13 shows that corporations tended to strongly change their levels of technical changes or their innovation effect in this period. DMU5, especially, has the highest change in Malmquist index frontier shift (in the year 2013 it was 0.4103, in 2016 the Malmquist index was 1.7506 (increased 327%). Average Malmquist index frontier shift of all DMUs in 2013-2014 is 0.5910 and period 2015-2016 is 1.0182 (increased 72.28%). 
Frontier Shift
Malmquist Productivity Index
The Malmquist productivity index is the most important element in the performance evaluation of corporations in the urban development and infrastructure investment sector in Vietnam. The results, as shown in Table In general, the innovation in technology growth of corporations in the urban development and infrastructure investment sector in Vietnam in this period was positive. In the period of 2013-2016 investment corporations focused on technical efficiency in terms of technical experience, management, and organization. That is reflected in the result of changes in their catch-up scores and frontier shift scores leading to the growth in the Malmquist productivity index of corporations. This result reflects the process of socio-economic development in the localities with the building of more urban areas with increasingly modern infrastructure, contributing to boosting socio-economic development and country development.
Results Forecasting of the Malmquist Productivity Index in the Future
The authors used the output results of the GM (1,1) model to forecast Malmquist productivity index of corporations in urban development and infrastructure investment sector in Vietnam in the period of 2017-2020. Table 15 shows that 2017-2018 had a big change with stable changes in the period of 2018-2020. 
Discussion
In this study, 16 leading corporations in urban development and infrastructure investment in Vietnam were involved, the results from the super-SBM model show the performance of the Top 3 are DMU5, DMU7, DMU9 from 2013-2016. With the lowest score, three DMUs with inefficient business in the past include DMU14, DMU11, DMU8. However, in the period of 2017-2020, there are small changes, performance scores on the Top 3 in the period include: DMU4, DMU5, DMU7. With the lowest score, three DMUs with inefficient business in the future include DMU1, DMU12, DMU16. They need action with strong improvement to get effective business in the future.
The results of this study can be considered as a foundation for management units, for local government to create planning projects with feasible content, for long-term vision, and practical efficiency to quickly meet the need for urban development plans: DMUs with effective business will have favorable conditions to attain greater achievements, which is helpful for sustainable urban development. Inefficient companies that caused the abandonment of the construction of many buildings and delay of construction affected urban development, wasted land and natural resources, and destroyed the urban structure. They will be restrictively granted permits. However, for the sustainable urban development in Vietnam, it is necessary to inherit the experience of developed countries such as Japan, Singapore, Australia, etc. It is also necessary to balance all cultural values and religious values, ensuring adequate technical, social, and service elements. There must be a combination of technical infrastructure planning and urban landscape design.
This research also gives international readers an additional perspective on the situation of urban development in developing countries in general and in Vietnam in particular. In addition, the research provides an additional means of assessing the investment effectiveness of corporations in urban development and infrastructure investment.
Conclusions
In the future, demand for residential real estate in Vietnam will remain high, especially in large urban centers, due to previous relatively small supply and relatively low quality; in addition, living standards will improve, and the process of urbanization will increase as well. The planning and investment in industry zones, urban areas, residential district, and amusement parks at the right time and right place contribute to social stability and economic development, which is an extremely important issue for Vietnam's government to resolve.
Our limitations in this study are due to the specific nature of urban development and the infrastructure investment sector, under the strict management of the provisions of legislation. In this study, the authors only analyze, evaluate, and forecast business results of the groups in the past. Therefore, future research should incorporate analysis of the regulations and policies of the state management for the urban development and infrastructure investment sectors in order to introduce solutions and provide enterprises with a more general perspective for more accurate assessments and decisions. Another limitation is that the study only focuses on quantitative models. The authors will undertake more research of external environmental factors in the future. Comparisons with other quantitative and qualitative approaches will be in addition a worthwhile research direction.
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Appendix A
DMUs Inputs Outputs (I)OE (I)TA (I)CS (I) TE (O)NS (O)PT
